The murine Ick gene is closely related to a family of cellular protooncogenes and encodes a lymphocytespecific, membrane-associated protein tyrosine kinase. We and others have demonstrated that the Ick gene is rearranged and overexpressed in the murine lymphoma LSTRA, most likely as a result of the insertion of Moloney murine leukemia virus DNA immediately adjacent to the gene. We now report that the Ick gene is located at the distal end of murine chromosome 4 and on human chromosome 1 at position lp32-35 near a site of frequent structural abnormalities in human lymphomas and neuroblastomas. These results raise the possibility that structural alteration of the ick gene through chromosomal rearrangement may contribute to transformation in human malignant disease.
At least twelve genes encoding protein tyrosine kinases have been implicated in neoplastic transformation in mammalian cells (1, 2) . Broadly speaking, characterized protein tyrosine kinase genes can be divided into two subfamilies. The first -encodes a group of cell-surface receptors that mediate mitogenesis. Ligands for these receptors are in three cases known, the epidermal growth factor (EGF) receptor (3) , the insulin receptor (4) , and the colony-stimulating factor 1 (CSF-1) receptor (5) , while two other members of this subfamily encode receptor structures for which ligands are at present unidentified, neu (6, 7) and trk (8) . A second subfamily of protein tyrosine kinase genes encodes a group of proteins that are typically membrane-associated but which lack recognizable transmembrane domains, for example abl, fgr, src, and lck** (1, 2, 9, 10).
The protein tyrosine kinase oncogenes were originally identified as components of acutely transforming retroviruses or through transformation of cultured fibroblasts via transfection of tumor DNA (1, 2) . In at least one case, the t(9;22) translocation of human chronic myelogenous leukemia, activation of a protein tyrosine kinase protooncogene (abi) results from a spontaneous chromosomal rearrangement (11, 12) . Thus protein tyrosine kinases may in some cases be involved in the specific chromosomal abnormalities frequently detected in human and murine neoplasia.
The murine Ick gene encodes a lymphocyte-specific, membrane-associated protein tyrosine kinase of unknown function. We and others have demonstrated that this gene is rearranged and overexpressed in the murine lymphoma LSTRA, most likely as a result of insertion of Moloney murine leukemia virus sequences immediately upstream of the gene (9, 10) . We now report that the Ick gene is located on human chromosome 1 at position 1p32-35 in a site of frequent structural abnormalities in human lymphomas and neuroblastomas. These results suggest that structural alteration of the lck gene through chromosomal rearrangement may occasionally contribute to transformation in human malignant disease. Chromosome Hybridization. Metaphase chromosome spreads from a murine myeloid cell line (CAK) or from normal human male peripheral blood lymphocytes stimulated with phytohemagglutinin were prepared as described (14) . Hybridization of the lck probe to mitotic chromosomes was performed by a modification of the method of Harper and Saunders (15) . Briefly, chromosome slide preparations were treated with RNase A at 100 ,ug/ml (Sigma) in 2x SSC (lx SSC = 150 mM sodium chloride/15 mM sodium citrate, pH 7.0) at 37°C for 60 min, rinsed four times with 2x SSC, and dehydrated with successive ethanol washes. Denaturation of the chromosomal DNA was performed using 75% (vol/vol) formamide in 2x SSC at 70°C for 2.5 min followed by immediate dehydration in cold (-20°C) ethanol and subsequent air desiccation. The hybridization reaction was performed in 2x SSC/50% (vol/vol) formamide/lOx Denhardt's solution (1x = 1% Ficoll/1% polyvinylpyrrolidone/1% bovine serum albumin)/salmon sperm DNA at 100 ,ug/ml/10% (wt/vol) dextran sulfate with probe concentrations ranging from 0.05 to 0.20 ng/,ul. After a 10-min probe denaturation step at 70°C, the hybridization was allowed to proceed for 48 hr at 42°C, following which the slides were washed three times in 2 x SSC at 20°C, three times in 2 x SSC with 50% (vol/vol) formamide at 39°C, and twice in 2x SSC at 39°C with each wash lasting 15 min. The slides were then dehydrated with ethanol, air dried, coated with Kodak NTB2 **By mutual agreement between Drs. A. F. Voronova, B. M.
MATERIALS AND METHODS
Sefton, and ourselves the lskT (9) and tck (10) genes will henceforth be referred to as Ick (for lymphocyte protein tyrosine kinase). Our published sequence (9) contained typographical errors in codons 283-284 of the Ick cDNA. These should be corrected to read: GAC GCC. The remainder of the differences between the normal C57BL/ka thymus lck cDNA sequence and the LSTRA lck cDNA sequence published by Voronova and Sefton (10) do not result in amino acid substitutions.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. nuclear track emulsion (Eastman Kodak) and exposed for 1-3 weeks at 40C. Emulsion development was performed according to the manufacturer's instructions. Developed slides were stained with quinacrine mustard at 500 ,ug/ml, rinsed with water, and mounted in McIlvaines buffer (pH 5.5) for fluorescence and transmitted light microscopy as described (14) .
Southern Blot Analysis of Somatic Cell Hybrids. The generation of mouse-hamster somatic cell hybrids containing limited numbers of murine chromosomes has been described (16) . Samples examined here included the hamster parental fibroblast cell line (E36) and hybrids derived using A/HeJ macrophages (MACH2AC2, MACH4B3), BALB/c embryo fibroblasts (MFE2/1/1, MFE2/1/7, MFE2/3, MFE2/1/2, MFE2/1), the BALB/c sarcoma CMS4 (12G7), or the BALB/c sarcoma MethA (MAE19, MAE32) as parents. The origins of the CEC, R44, and Ecm4e lines have been described in detail elsewhere (17) . Approximately 10 ,ug of genomic DNA from each somatic cell hybrid line or from human peripheral leukocytes (see Fig. 3 ) was digested to completion with restriction endonuclease BamHI (New England Biolabs) and subjected to electrophoresis in a 0.7% agarose gel. Subsequent blotting, hybridization with 32P-labeled NT18 probe, washing, and autoradiography were performed as described (9) .
RNA Gel Blot Analysis. Total cellular RNA was extracted from bovine, C3H mouse (The Jackson Laboratory), Macaca nemestrina (pigtailed macaque), or human fetal thymus using guanidine thiocyanate (18) . RNA electrophoresis, blotting, and subsequent hybridization, washing, and autoradiography were performed as described (9) .
RESULTS
Chromosomal Localization of the Murine Ick Gene. To assign murine Ick to a specific chromosome, we examined a panel of mouse-hamster somatic cell hybrids for the presence of lck homologous sequences by genomic Southern blotting. Despite cross-hybridization to related sequences in the hamster genome, signals derived from hybridization to mouse DNA were readily identifiable by fragment size (data not shown). Table 1 lists the chromosomal complement of each cell line examined and the results ofhybridization with the lck probe. Only chromosome 4 is distributed in a pattern fully concordant with the observed hybridization results.
Regional assignment of the lck gene on murine chromosome 4 was achieved using in situ hybridization (14) . A total of 81 distinct chromosomal hybridization sites in 72 metaphase cells were examined. Of these, 30 were scored on chromosome 4 with 27 of the 81 hybridization sites (33%) on distal chromosome 4 near the telomere (Fig. 1) . No hybridization above background levels was seen at other chromosomal sites (Fig. 2) .
The Ick Sequence Is Evolutionarily Conserved. Since the majority of data associating chromosomal rearrangements and neoplastic transformation has been derived from the study of human tumors, we sought to identify a human Ick equivalent. Other protein tyrosine kinase genes, particularly abl and src, have been substantially conserved during evolution and can be identified in mammals, birds, and even in invertebrates (1, 2) . To demonstrate evolutionary conservation of sequences related to Ick, we examined RNA derived from bovine, human, and pigtailed macaque thymus as well as murine thymus by RNA gel blotting. Fig. 3a demonstrates that in each case, a strongly hybridizing 2.2-kilobase transcript was identified by our lck probe. Sequences crosshybridizing with the murine lck probe were also easily demonstrated in genomic blots of human DNA (Fig. 3b) . We, therefore, used the murine lck probe to determine the chromosomal location of the human Ick gene.
Chromnosomal Localization of Ick in Man. The human Ick gene was visualized on normal human metaphase chromosomes using in situ hybridization with our 3H-labeled murine Ick cDNA probe. In 110 metaphase cells containing 124 distinct chromosomal hybridization sites, 22% were localized on chromosome 1 between bands 1p32 and lp35 (Fig. 4) . The remaining silver grains were scattered randomly at other chromosomal positions. Consistent with our results, and as discussed below, the short arm of human chromosome 1 is partially syntenic with distal murine chromosome 4. We conclude that a Ick equivalent is located at 1p32-35 on the human chromosome map.
DISCUSSION
The Ick Gene and Murine Lymphomagenesis. The murine Ick gene encodes a myristylated 56-kDa protein tyrosine kinase closely related to pp6src (9, 10, 19) . In the mouse, Ick expression is confined to lymphoid tissues and especially to thymocytes and T cells (9) . While all T-cell lines thus far surveyed express appreciable amounts of lck mRNA (9) and of ppS6Ick, two virally-induced T-cell lymphomas, LSTRA and Thyl9, contain increased amounts of membrane-associated pp56lck (20, 21) . We and others have shown that the ick gene is rearranged in LSTRA DNA, most likely as a result of insertion of Moloney murine leukemia virus (the agent used to induce the LSTRA tumor) sequences upstream of the ick gene (9, 10) . The rearranged ick allele in LSTRA cells directs the synthesis of a fusion transcript consisting of a portion of the Moloney virus long terminal repeat juxtaposed with sequences containing the entire ick coding and 3'-untranslated regions (10) . This juxtaposition likely reflects an RNA splicing event (refs. 10, 22, and unpublished results). Despite its rearrangement, the coding portion of the ick gene remains unaltered in LSTRA cells.** Since the ick gene closely resembles other protein tyrosine kinase protooncogenes, notably src, yes, and fgr (1, 2) , and since at least two virally-induced murine lymphomas contain rearrangements of the ick gene (9, 10) , it is reasonable to suspect that aberrant expression of lck mRNA may in some cases directly contribute to lymphoid transformation. This line of reasoning led us to determine the chromosomal location of the ick gene in mice and in humans. 
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The lkk Gene Is Located in a Region of Synteny Between
Murine and Human Chromosomes. Using both somatic cell hybrids and in situ hybridization, we have localized the ick gene to distal chromosome 4 in mouse and to chromosome 1p32-35 in man. At least nine other molecular markers, including the structural genes for enolase, phosphogluconate dehydrogenase, phosphoglucomutase, adenylate kinase 2, and a-fucosidase, previously localized to the short arm of human chromosome 1, are also known to reside near the telomere of murine chromosome 4 in the largest syntenic segment common to humans and to mice (23) (24) (25) . The linkage relationships between these genes have thus been conserved through much of the mammalian radiation.
Chromosomal Aberrations Near the Ick Gene and Neoplastic Disease. Specific chromosomal abnormalities are a characteristic feature of many human and murine malignancies (26) (27) (28) . Although the precise significance of these rearrangements remains uncertain, it is provocative that protooncogenes have in many cases been localized at these rearrangement sites. Thus juxtaposition via translocation of the myc gene with elements of the immunoglobulin loci in human Burkitt lymphomas [t(8;14) ] and in murine plasmacytomas [t(12;15) ] yields an element with demonstrable transforming activity (29) (30) (31) (32) . In the Ph1 translocation [t(9;22)] of human chronic myelogenous leukemia, juxtaposition of the abl gene on chromosome 9 with the bcr region on chromosome 22 yields a transcript consisting of 5' bcr sequences joined with abl sequences at a site of alternative 5'-exon usage within the abl gene (11) . These bcr/abl fusion transcripts encode a protein with increased kinase activity (12) that likely contributes to the transformation process.
Abnormalities involving the short arm of chromosome 1 have been frequently observed in human neoplastic disease. In one series, deletions at 1p34 were noted in seven of nine primary and cultured human neuroblastomas (33, 34) . This alteration in lp structure does not result from the amplification of N-myc sequences shown to occur in human neuroblastomas (35) . Because of the existence of familial forms of neuroblastoma, analogy has been drawn between 1p34 deletions and the characteristic chromosomal deletions seen in Wilm tumor, retinoblastoma, and hereditary renal cell carcinoma (13, 14, (36) (37) (38) . Perhaps more importantly, deletions and translocations involving 1p31-36 are seen in approximately 10% of human non-Hodgkin lymphomas (39) (40) (41) . Analysis of malignant cells bearing lp abnormalities may reveal alterations in Ick expression as is the case in the murine lymphomas LSTRA and Thy-19. Similarly, it is provocative that one of three loci conferring susceptibility to radiationinduced leukemia in mice (Ril-3) has been localized to distal murine chromosome 4 (42) . In contrast, the Ick locus is clearly distinct from the tcl-J [(14q32.3), (43) An additional oncogene, N-ras (lpll-13), has also been localized on the short arm of human chromosome 1 (51) . The distribution of these oncogenes may in part explain the high frequency of chromosome 1 aberrations in a large variety of human tumors (39) (40) (41) . In this context, a search for structural alterations of the Ick gene, especially in lymphomas bearing lp rearrangements, may yield additional insights into the genetic basis of malignant disease in man.
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